Regular food intake plays a pivotal role in normal glucose homeostasis. However, few studies have evaluated the level of fasting glucose in individuals with skipping breakfast, which theoretically means lack of supplementary energy and increased risk of subsequent hypoglycemia. We examined the prevalence of suspected habitual skipping breakfast (SHSB) (skipping at least three times /week), roughly assessed with a simple question, and fasting plasma glucose level, cardiovascular risk factors, and lifestyle factors in a cross-sectional study of 2,331 asymptomatic adults who had never been treated with insulin or oral medications for diabetes. The overall prevalence of SHSB was 16.3% (men 20.1%, women 9.4%, P<0.0001, χ 2 test). Compared with normal fasting glucose, impaired fasting glucose (IFG) (100-125 mg/dl), but not high fasting glucose (≥126 mg/dL), was significantly associated with SHSB and this association remained after adjustment for relevant confounders [Odds Ratio (95% CI): 1.75 (1.33-2.30) and 2.10 (0.93-4.71), respectively]. Age (inversely), current smoking, late dinner before sleeping, infrequent exercise, and high C-reactive protein (≥1.8 mg/L) were simultaneously associated with SHSB independently of each other. In a subgroup of subjects who underwent a 75g oral glucose tolerance test (n=1,315) of pre-diabetes groups, isolated IFG (n=272) was only significantly associated with SHSB. Current results suggest that IFG, subtle inflammatory state, and unfavorable lifestyle factors may be associated with the habit of skipping breakfast in asymptomatic adults. Causality and detailed mechanisms remain to be clarified in further studies.
Introduction
Non-healthy eating behaviors, which include skipping breakfast, a late dinner, and an evening snack, have been considered to be unfavorable lifestyles, especially in public health. Of these, skipping breakfast is commonly observed among children as well as adolescents. [1] [2] [3] However, skipping breakfast is not rare among adults, [4] [5] [6] although the prevalence is lower than in children and adolescents in many cross-sectional studies. 2, 4, 5 In many population studies on adults, habitual skipping of breakfast was associated with other unfavorable lifestyle factors, such as smoking, infrequent exercise, drinking alcohol, and high energy intake, [1] [2] [3] [4] [5] [6] [7] and with cardiovascular risk factors such as obesity and impaired glucose metabolism. [1] [2] [3] [4] [5] [6] [7] Regular food intake plays a pivotal role in normal glucose homeostasis. Animal studies using knock-out mice have shown that hepatic insulin signaling via two kinds of insulin receptor substrate (IRS) works in a complicated manner in before and after feeding. [8] [9] [10] However, the pathogenic feature of skipping breakfast, which theoretically aggravates the fasting condition in the morning, has not been addressed in a clinical study, particularly in terms of glucose metabolism. Furthermore, theoretically, skipping breakfast means a lack of supplementary energy and increased risk of hypoglycemia, which in turn stimulates eating behavior.
In this context, we examined the associations between skipping breakfast with impaired glucose metabolism along with cardiovascular risk factors, including circulating C-reactive protein (CRP), a risk factor for type 2 diabetes, 11, 12 and lifestyle factors in a cross-sectional study of asymptomatic adults who underwent a detailed medical check-up. Impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) are involved in the pathophysiology of impaired glucose homeostasis and represent the pre-diabetic state. [13] [14] [15] Therefore, we further investigated the associations of skipping breakfast with these pre-diabetes conditions in a subgroup of subjects who underwent a 75 g oral glucose tolerance test (OGTT).
Materials and Methods
This study was based on a composite research program that was conducted in collaboration with Josai University, Sakado, Japan, and the Social Insurance Omiya General Hospital, Saitama, Japan. The protocol was approved by the Ethics Committee of Josai University and the Ethics Committee of the Hospital. All subjects gave their informed consent.
Subjects
We analyzed data collected from asymptomatic adults aged 30-80 years who voluntarily underwent a detailed regular medical check-up between May 2008 and March 2010.
Subjects were required to complete a standard questionnaire now widely used in Japan. We initially recruited 2,448 subjects in this program. Subjects with self-reported use of insulin and/or oral medications for diabetes were excluded from the study. Subjects with elevated circulating CRP of 10.0 mg/L or more were also excluded because of latent inflammatory diseases. A total of 2,331 subjects (men n=1,515; women, n=816) with completed self-report questionnaires and biochemical/anthropometric data were finally included in this study.
The questionnaire was developed by the Japanese Ministry of Health, Labour and Welfare in 2007, primarily to prevent metabolic syndrome and cardiovascular diseases through a better understanding of individual lifestyle factors. 16 The questionnaire is now widely used in Japan at regular mandatory medical check- 
Laboratory measurements
All biochemical variables were measured in the same laboratory using standard methods in samples obtained after an overnight fast. In this study, gastric empty was confirmed by upper gastrointestinal fluoroscopy or endoscopy in the check-up. Fasting plasma glucose (FPG) was measured by the glucose oxidase method. HbA1c was measured in Japan Diabetes Society (JDS)-HbA1c units by high-performance liquid chromatography. HbA1c was converted to National Glycohemoglobin Standardization Program (NGSP) levels by the formula HbA1c (%) (NGSP)=HbA1c (JDS) (%)+0.4%, considering the relational expression of HbA1c (JDS) (%) measured by the previous Japanese standard substance and measurement methods. 17 
Definition of pre-diabetes
Elevated blood pressure (≥130/85 mmHg), hypertriglyceridemia (≥150 mg/dL) and low high-density lipoprotein cholesterol (HDL-C) (<40 mg/dL for men, <50 mg/dL for women) were defined according to the definition of metabolic syndrome by the National Cholesterol Education Program Expert Panel criteria. 18 IFG (FPG 100-125 mg/dL) was defined according to the American Diabetes Association (ADA). 19 When impaired glucose metabolism was assessed by FPG, subjects were divided into three groups according to the degree of FPG (normal, FPG: <100 mg/dL; IFG: 100-125 mg/dL; high, FPG ≥126 mg/dL). When impaired glucose metabolism was assessed by HbA1c, subjects were divided into three groups according to the NGSP HbA1c (normal, <5.7%; borderline, 5.7-6.4%; diabetic, ≥6.5%). Subjects with suspected pre-diabetes or diabetes, and subjects who wished to know their glucose metabolism in more detail, underwent an OGTT. Subjects with definite diabetes (under treatment consisting of diet and exercise) did not undergo an OGTT. Consequently, 1,315 subjects (912 men and 403 women) underwent the test. Isolated IFG (I-IFG) (FPG 100-125 mg/d and 2-hOGTT <140 mg/dL), isolated IGT (I-IGT) (FPG <100 mg/dL and 2-h OGTT 140-199 mg/dL), combined IFG/IGT (FPG 100-125 mg/dL and 2-h OGTT 140-199 mg/dL), diabetic (FPG ≥126 mg/dL or 2-h OGTT ≥200 mg/dL), and normal glucose tolerance (NGT) (FPG <100 mg/dL and 2-hour OGTT <140 mg/dL) were defined according to ADA criteria. 13 High and normal C-reactive protein (CRP) level was defined as levels above the 90 th percentile (>1.8 mg/L) and below the 75 th percentile (<0.8 mg/L), respectively.
Statistical analysis
Data are expressed as means±SD. Triglyceride and CRP levels are expressed as medians (interquartile range). Differences in clinical variables between the subjects who regularly skipped breakfast and those who did not were examined with analysis of covariance (ANCO-VA) controlling for age. Multivariate logistical regression was used to examine the associations between skipping breakfast and impaired glucose metabolism, lifestyle factors, and clinical variables, and to calculate Odds Ratios (OR) and 95% confidence intervals (95% CI) after adjustment for confounders. Statistical analysis was performed using IBM-SPSS version 18.0 (SPSS; Chicago, IL, USA) and Statview version 5.0 (SAS Institute; Cary, NC, USA). Values of P<0.05 were considered statistically significant.
Results
The characteristics of subjects according to SHSB are shown in Table 1 . The overall prevalence of SHSB was 16.3% (20.1% for men and 9.4% for women, P<0.0001, χ 2 test). Subjects with SHSB were significantly younger (by approximately 8 years) than those without. The prevalence of men, current smoker, drinking alcohol everyday, late dinner, and infrequent exercise were significantly higher in those with SHSB, even after adjustment for age with logistical regression analysis (all P<0.0001). However, no significant difference in cardiovascular risk factors, except triglyceride, was found between subjects with SHSB and those without. Multiple logistic analyses showed that IFG, age (inversely), smoking, a late dinner, infrequent exercise and high CRP Data are expressed as means±SD or n (%). Triglyceride and C-reactive protein are expressed as medians (interquartile range). *P was examined with ANCOVA controlling for age. Triglyceride and C-reactive protein were analyzed after log transformation. P in prevalence of clinical factors were examined with logistical regression analysis after adjustment for age. SHSB, suspected habitual skipping breakfast; HDL-C, highdensity lipoprotein cholesterol. were significantly and independently associated with SHSB, even after adjustment for residual confounders (Table 2) . Further adjustment for continuous HbA1c strengthened the association between IFG and SHSB (Model 5). However, body mass index (BMI), elevated blood pressure, and dyslipidemia were not significantly associated with SHSB after adjustment for confounders, particularly age and sex, and neither was waist circumference (data not shown). Of note, when late dinner was considered as a dependent variable, IFG was not significantly associated with late dinner, per se, after adjustment for residual confounders, particularly drinking alcohol [1.20 (0.98-1.48), after adjustment for age, sex, and drinking alcohol, data not shown]. In contrast, when impaired glucose metabolism was evaluated with HbA1c (Table 3) , borderline and diabetic HbA1c levels were not significantly associated with SHSB after adjustment for confounders, although overall FPG was highly correlated with HbA1c in this study as generally expected (r=0.77, P<0.0001, Pearson correlation, data not shown). However, age, smoking, late dinner, infrequent exercise, and high CRP were significantly associated with SHSB in multivariate models, as in Table 2 . There was no significant association of Borderline and Diabetic HbA1c levels with SHSB after adjustment for confounders, although overall FPG was highly correlated with HbA1c in this study, as generally expected (r=0.77, P<0.0001, Pearson's correlation, data not shown). However, age, smoking, late dinner, infrequent exercise, and high CRP were significantly associated with SHSB in multivariate models, as in Table 2 .
As shown in Table 4 , as compared with NGT, I-IFG, but not the other categories of OGTT results, was significantly associated with SHSB. This association remained after adjustment for residual confounders.
It is worthy of note that when subjects with a past history of heart disease and stroke, as well as those treated with medications, were excluded from the study and the same analysis was conducted, similar results were obtained; SHSB was significantly associated with IFG but not IGT, even after adjustment for the same confounders as in Table 2 
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Discussion
This pilot study was primarily designed to explore a possible association of habitual skipping breakfast, roughly assessed with a simple question, with IFG in asymptomatic adults, who were mostly non-obese not undergoing treatment for diabetes. A National Health and Nutrition Survey in Japan 2009 reported that the prevalence of skipping breakfast was 11.6% in the general population and over 20% in people aged 20-39 years, 20 which is consistent with current results. In addition, elevated circulating CRP and some unfavorable lifestyle factors were also independently associated with SHSB. In contrast, none of the components of metabolic syndrome were associated with skipping breakfast. It is worthy of note that, of pre-diabetes conditions, SHSB was only associated with I-IFG, compared to NGT. A significant association between SHSB and a late dinner suggests the possibility of a nocturnal life-style in subjects with a habit of skipping breakfast, 21, 22 rather than intentionally skipping breakfast as part of a diet. Indeed, a late dinner before sleeping may impair postprandial glucose metabolism and food digestion, and may lead to prolonged elevated FPG and poor appetite in the morning. Therefore, in some subjects who skip breakfast, the physical condition in the early morning might be close to prolonged postprandial state rather than distinct fasting state. However, a late dinner is unlikely to be a major factor relating to IFG because a late dinner was not associated with IFG after controlling for drinking alcohol and other confounders. Furthermore, the absence of an association between SHSB with IGT, and the inverse association between SHSB and diabetic glucose profiles, including findings assessed with HbA1c, suggest that overall, hyperglycemia is not observed in individuals who regularly skip breakfast.
Alternatively, a significant association of SHSB with IFG, but not high FPG, may suggest a possibility of reverse causality because subjects with a past history of heart disease and stroke, as well as those treated with medications, are likely to change their dietary habits for health reasons. However, when such subjects were excluded from the data, similar results were obtained, suggesting the unlikelihood of reverse causality. Recently, Smith et al. 7 have published a prospective study reporting that people who regularly skipped breakfast in childhood and adulthood had significantly higher fasting glucose and higher fasting insulin over a 20-year period compared with those who did not, and their findings appear to be consistent with our results. However, further evaluation of the associations with impaired glucose metabolism, such as elevated HbA1c and IGT, was not made in their study. There is evidence that peripheral (muscle) insulin resistance is a major pathogenic feature in individuals with isolated IGT, 15 whereas that of isolated IFG is rather controversial. Kim et al. 23 reported that peripheral insulin resistance varied considerably in individuals with IFG, with the conclusion that the majority of IFG individuals are insulin resistant and the minority are insulin sensitive. This suggests a possible heterogeneity in insulin sensitivity in IFG. Nevertheless, several studies have shown that IFG is less strongly associated with future risk of type 2 diabetes, 24 peripheral insulin resistance, 25, 26 and cardiovascular diseases, 13-15 as compared with IGT. A plausible reason for these discrepancies may be the use of surrogate markers, such as homeostasis model assessment-insulin resistance, rather than direct measurements of insulin resistance as discussed by Kim et al. 23 or discordance in the definition of IFG. In this study, infrequent exercise, smoking, and elevated CRP, 11, 12 all of which are related with insulin resistance, but not with any of the components of metabolic syndrome, were observed in subjects with SHSB. This apparently curious association might result in a possible heterogeneity in insulin sensitivity in IFG. Meanwhile, people with IFG predominantly exhibit hepatic insulin resistance, 15, [25] [26] [27] which increases fasting hepatic glucose production and may account for elevated FPG in the morning and for skipping breakfast because the subject is not hungry. Bock et al. 27 reported that individuals with IFG had hepatic insulin resistance because of impaired insulin-mediated suppression of endogenous glucose production during the fasting state. Nevertheless, endogenous glucose production is rapidly suppressed by the rising insulin concentration immediately after eating because the second-phase insulin response is not attenuated. 27, 28 Kubota et al. 8 proposed the concept of the existence of a functional relay between IRS-1 and IRS-2 in hepatic insulin action during fasting and re-feeding from the results of their study using IRS knock-out mice. Briefly, IRS-1 functions primarily after re-feeding, whereas IRS-2 functions mainly during fasting and immediately after the start of refeeding. Considering that fasting glucose levels were slightly increased in Irs2 knock-out mice in the study by Dong et al., 9 it is possible that IRS-2 might be attenuated in individuals with IFG. Thus, as Haeusler et al. 10 proposed, IFG should be re-examined in terms of emerging findings concerning insulin signaling via IRS. Along these lines, IFG should also be considered in terms of skipping breakfast because this habit theoretically aggravates the fasting state further.
Meanwhile, social factors may also play a role in the associations observed here. For example, the meal times of individuals are often determined by social factors rather than biological need, 3, 6, 29 indicating that the habit of skipping breakfast may be an unintentional, unfavorable lifestyle factor related to individual circumstances and other factors not examined here, such as the intake of caffeine, snacks, beverages and nutrients. To fully address the underlying mechanisms, future studies should examine the associations between social factors and food intake.
Many previous studies, [1] [2] [3] 6 but not all, 4, 5, 7, 30 have reported that skipping breakfast predisposes towards being overweight and obesity. Indeed, in this study, SHSB was significantly associated with overweight/obesity (BMI≥25.0 kg/m 2 ) before controlling for confounders [1.42 (1.12-1.80), P=0.004]. However, this association disappeared after adjustment for gender [1.23 (0.96-1.57), P=0.10] and after full adjustment for all confounders in Table 2 . In the analysis of data from NHANES III, 31 an inverse association between breakfast consumption and a lower body mass index was observed in women, but not in men. This is partially consistent with our results because there were more men (65%) than women in this study. Alternatively, the small number of obese subjects (BMI≥30kg/m 2 , 3.3% of total subjects) may explain the inconsistency with previous studies. 4, 30 This study has some limitations. First, because of its cross-sectional design, we cannot determine causality or whether SHSB was a result (unintentional) or a cause (intentional) of the factors identified in regression models. Some subjects with SHSB likely skipped breakfast to lose weight (e.g. on a diet). Well designed prospective studies are needed to confirm the current findings and to clarify the underlying mechanism in more detail. Second, the quantity, type and timing of food intake were not recorded because the study was not originally conducted to explore the relationship between skipping breakfast and metabolic abnormalities. Therefore, we could not take into account the amount or the content of the meals consumed each day. A detailed assessment of food intake by food-frequency questionnaires, for example, will help us to further explore the interactions between skipping breakfast and impaired glucose metabolism. Third, SHSB was defined as a dichotomous (binary) variable as at least 3 times/week versus another, using a standard questionnaire. We were not, therefore, able to examine linear associations. To achieve this, the questionnaires should record intermediate categories, such as occasionally skipping breakfast. However, adjustment for late dinner, a similarly undesirable eating behavior, and other lifestyle factors may attenuate the bias provided by the binary assessment. Finally, because this study included mostly non-obese individuals without diabetes, the findings may not be applicable to those with diabetes or cardiovascular diseases.
In conclusion, our findings suggest a possible association between SHSB and IFG, but not with any of the components of metabolic syndrome, in asymptomatic adults. Furthermore, subtle inflammatory state (high CRP) and some unfavorable lifestyle factors (e.g. smoking), which are potent cardiovascular and pre-diabetic state risk factors, were also associated with SHSB. These findings, the causality, and the clinical relevance need to be confirmed in future, prefereably prospective studies.
